Abstract-This paper presents a chip-set for digital video processing in a consumer television receiver. A key aspect of t h e chip-set is a high flexibility and programmability of multi-window features with multiple teletext pages, Internet pages and up to three live video windows. T h e chip-set consists of a microcontroller featuring pixel-based graphics, and a video processor containing a number of flexible co-processors for horizontal and vertical scaling, sharpness enhancement, adaptive temporal noise reduction, blending of graphics, mixing of multiple video streams and 100 Hz up-conversion.
I. INTRODUCTION
Developments for high-quality television (TV) applications clearly point towards the consumption of several information channels in parallel, instead of watching a conventional single-channel broadcast. The increased demand for parallel processing and the large range of display formats is additionally fuelled by the strong growing use of information systems like the Internet, teletext, and electronic help manuals. Similar to teletext on a conventional TV set and help wizards on a computer screen, the user wants to watch such information simultaneously with additional real-time video channels. The presented ICs feature these requirements and allow the applicant to extend the functionality in hardware, by using additional coprocessors, and/or in software by installing new functions. Figure 1 shows , whereas the external part of the bus uses an SDRAM memory protocol. This enables stand-alone operation of both ICs, while cooperation is accomplished using one single unified memory.
A R C H I T E C T U R E
The novelty of the system for TV applications is the concept to enable a large range of features with high flexibility. The signal flow-graph, i.e. the order of signal processing functions through all coprocessors, is programmable by means of a flexible communication network [3]. The processing of the data by several coprocessors is achieved without accessing the (bandwidth-limited) background memory. The coprocessors, which are interconnected via the communication network, process the pixels in a data-driven mode [2]. This implies that each task in this data flow-graph is executed when data is present at the input while the subsequent receiving coprocessor(s) can absorb the output data. This self-scheduling mechanism provides autonomous processing without interference of a microcontroller or a hardware scheduler. 
FEATURES AND FUNCTIONS
The microcontroller contains a 32-bit R3000 RISC core (MIPS) for control of the coprocessor array, graphics generation, teletext slicing, Internet acquisition and modem functionality. The coprocessors in the microcontroller, as depicted in Figure 1 , contain the following functions: an interrupt controller, a graphics output processor, an SDRAM interface for communication with the coprocessor array or an SDRAM memory, and a number of standard communication modules (UARTS, Infrared, JTAG, I2C, etc.) .
The coprocessor array contains a horizontal scaler, a vertical scaler with field rate up-conversion capability, adaptive temporal noise reduction, contrast-adaptive local sharpness enhancement, graphics blender, a mixer to combine up to three moving video streams, and a color-space converter. Most coprocessors are implemented only once, but have capabilities for parallel processing of multiple tasks. In this flexible approach, each task is independently programmable, e.g. the scalers can compress or expand an image to any arbitrary size with arbitrary filter coefficients. Table 1 shows typical parameters of the chip-set.
IV. APPLICATIONS AND CONCLUSIONS
The flexibility of the described system enables a broad range of features which are new in a consumer TV environment. Examples are given below.
Internet browsing in a parallel window, while watching a video channel.
. Multi-window display of video sequences, with arbitrary sized windows and optimal video quality for every size.
Teletext page display at arbitrary size. Pixel-based graphics superimposed on the actual video display environment setting to enhance userdefined control. Naturally, the conventional features such as Picture in Picture (Pip), can be implemented fluently, and with more flexibility than with the current TV chip sets (e.g. programmable size and shape, etc.). Figure 2 shows an example of a multi-window TV application. The picture shows two live video windows ("Renata" and "soccer"), one teletext page in the front and one small mail box window indication that an electronic mail was received. Furthermore, it can be noticed that the screen contains a pixel-based background image. For more details about applications and the quality of the individual coprocessors, the reader is referred to [l] .
